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Distribution of Cu(II) Salts with Imine Based Ligands
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Abstract

Introduction

The current investigation examines the reactivity
of imine based ligands while bound to a
copper(II) metal center. The ligands were
synthesized by reacting two equivalents of a
pyridine aldehyde (R = -H, -Me, -OMe) with
ethylenediamine (Scheme 1) and characterized
by 1H NMR and IR spectroscopies. Analogous
reactions were carried out in a 1:1 mole ratio of
Cu(NO3)2·2.5 H2O or Cu(ClO4)2·5 H2O with each
ligand (-Me or -OMe) in methanol. Reactions
with the -OMe ligand derivative, PyOMe2(en),
and the nitrate salt, resulted in formation of
three different products, while only one product
is obtained with the perchlorate salt. Compound
1 is found to be a dimeric species with one
PyOMe2(en) ligand bridging between two Cu(II)
metal centers. The remainder of the
coordination sphere around each Cu(II) is
composed of the hydrolyzed ligand
(PyOMe(enH2)). The Cu(II) center in 2 is found
to have a ligand in which both imine groups
have reacted with solvent, and the product in 3
has a copper ligated to PyOMe(enH2). Reaction
with the nitrate salt and the -Me analogue
(PyMe2(en)) resulted in the formation of
complex 4, which contains a ligand frame in
which half has hydrolyzed to give bound amine
(PyMe(enH2). Reactions with the perchlorate
salt and PyMe2(en) resulted in the formation of
complex 5. This ligand frame contains an
oxidized version of the ligand frame with no
nitrogen. When the perchlorate salt reacted
with PyOMe2(en), product 1 was
observed. Further investigation is underway to
determine the origin of the reactivity within this
set.

Hydrolysis occurs readily in many natural processes. These
include reactions that regulate and maintain essential biological
functions, such as digestion and regulating blood pressure. The
malfunction of hydrolytic reactions has recently been linked to
diabetes, with approximately 1.4 million new cases diagnosed in
the US each year.1-3
Many hydrolytic reactions in nature are catalyzed by metal
centers.4 Taking their cue from nature, chemists have taken
advantage of the hydrolytic potential of metals in the laboratory
using copper, platinum, and rhodium salts.5,6 These reactions
are facilitated by direct coordination due to the inductive effects
of the metal center. Once bound to the metal, several factors
have been found to play a role in hydrolysis, including the
identity of the metal, the counter ion of the metal salt, the steric
effects of the substrate, and the oxidation state and of the
metal.5
In the present study, factors influencing imine ligand
reactivity on Cu(II) metal centers is presented.

● The synthesis of all ligands was achieved by
R = H, CH3, OCH3

Scheme 1. Synthesis of ligands; precursor to metalation reactions.

PyMe2(en)

reacting ethylenediamine with two equivalents of
the aldehyde (Scheme 1) in EtOH and refluxing
for 1 h.
● The solid PyOMe2(en) ligand was isolated by
cooling the mother liquor to 0 oC for 24 h.
● PyMe2(en) and Py2(en) derivatives were isolated
as solids by concentrating the mother liquor.
● Confirmation of the syntheses was carried out by
1H NMR and IR spectroscopies
Table 1. Selected 1H NMR resonances.

PyOMe2(en)

Py2(en)

Figure 1. 1H NMR spectra the three ligands in CDCl3.

Complex

en peak (cm-1)

CH3 peak (cm-1)

Py2(en)

4.06

N/A

PyOMe2(en)

4.01

3.95

PyMe2(en)

4.02

2.57

Complex Synthesis, Characterization and X-Ray Crystal Structures
Table 2. Product distribution for metalation reactions.

Red:
Oxygen
Dark Blue:
Nitrogen
Light Blue:
Copper

Copper Salt

Ligand

Solvent

Product(s)

Cu(NO3)2 · 2.5 H2O

PyOMe2(en)

Methanol

1, 2, and 3

Cu(NO3)2 · 2.5 H2O

PyOMe2(en)

Acetonitrile

3

Cu(NO3)2 · 2.5 H2O

PyMe2(en)

Methanol

4

Cu(ClO4)2 · 5 H2O

PyOMe2(en)

Methanol

1

Cu(ClO4)2 · 5 H2O

PyMe2(en)

Methanol

5

● Metalation reactions were
completed by adding the
desired copper salt slowly to
the ligand in solvent and
stirring for 24 hours
● X-ray quality crystals were
acquired by diffusion with one
of THF or diethyl ether
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Reactions are ongoing with
PyOMe2(en) and Cu(SO4) in
order to determine the effect of
the starting salt on product
distribution. The Py2(en) has
recently been synthesized, and
the analogous coordination
reactions are underway.
Additionally, reactions with the
corresponding Ni(II) and Co(II)
salts are being investigated.
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Continued Research

1
● Dimeric species
● Each Cu(II) center coordination
sphere includes PyOMe(enH2)
● One PyOMe2(en) ligand bridges
between the two metal centers

3
2
● Coordination sphere includes
● Imine ligand reacted
PyOMe(enH2), along with two
with solvent MeOH
nitrate ions
● Coordination sphere
completed by NO3-

5
4
● Coordination sphere
includes PyMe(enH2)
ligand, along with two
nitrate ions

● Dimeric species
● Four fully hydrolyzed ligands
where methanol has also
added to the ligands.
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